Abstract: In this paper, we present an efficient differential quasi-orthogonal space-time block code (ED-QOSTBC) system. In particular, it is shown that our proposed system performs symbol-wise complex symbol decoding with the maximum likelihood (ML) receiver. From the performance evaluations, it is demonstrated that the ED-QOSTBC system has the same performance compared to conventional D-QOSTBC transmission in terms of biterror-rate (BER), and it reduces decoding complexity proportional to the cardinality of the constellation set. 
space time block code (STBC), and factional differential STBC schemes such as quasi-orthogonal STBC (D-QOSTBC) are proposed to overcome fast time-varying environments [2, 3, 4] . The main drawback of the previous D-QOSTBC transmissions is the exponentially growth of decoding complexity with constellation size, which is named as pair-wise complex symbol decoding (PCSD). To overcome such a limitation, various methods such as symbol-wise complex symbol decoder (SCSD) that manages the complexity have been studied vigorously by considering the pre-optimized constellation points [4] . Unfortunately, complexity reduced decoding algorithm for D-QOSTBC yields the performance degradation, and related code constructions require modified differential encoder and decoder as increasing number antennas and symbol modulations. In this paper, we propose an efficient differential quasi-orthogonal space-time block code (ED-QOSTBC) system that has compatible for various D-QOSTBC encoders. The main motivation of our proposed scheme can be represented as two STBC-like subsystems to decouple the superposed signals at the receiver. It is noted that our scheme can be applied to any number of transmit and receive antennas. From the numerical results, our proposed scheme has the identical performance compared to the conventional D-QOSTBC transmission having high decoding complexity, and it achieves minimum decoding complexity as SCSD.
Notation: 
System model
Consider a wireless multiple-input multiple-output (MIMO) channel with N T transmit antennas and N R receive antennas with T block size. Let H k be the N R Â N T channel gain matrix during the kth transmission time, whose entry k follows a frequency-flat Gaussian distribution with zero-mean and unit variance. Let S k be an N T Â T codeword transmitted matrix during the kth transmission time, the received signal Y k of size N R Â T can be modeled by
where N k denotes N R Â T noise matrix, noise coefficient n k is assumed to be an additive white Gaussian noise (AWGN) with CN $ ð0; 2 n Þ. To capture the tractable presentation of our proposed ED-QOSTBC, we restrict our model concern to the case that N T ¼ 4 and N R ¼ 1 without loss of generality [2] . Then, a general linear D-QOSTBC construction for S k can be expressed as 
. It is significantly noted here that no matter what effective differential encoding schemes are exploited, the received signals (3) must have to be considered to achieve full diversity in D-QOSTBC transmission [2, 3, 4] . To allow compatible analysis without limitations to certain differential encoding algorithms, our proposed ED-QOSTBC is based on (3). In particular, the destination makes the received signal to be seen as STBC-like, which can be defined as . From (3) and (4), it is first noticed that both H k 1ð2Þ and S k 1ð2Þ matrices keep orthogonality, of which the property can efficiently perform differential decoding with minimum complexity.
Differential encoding
Since differential encoding for each symbol is invariant to two subsystems for (3) and (4), respectively, the general D-STBC encoding rules to these two sub systems can be exploited as [1, 2, 3, 4] 
The transmit symbol matrices of X k 1ð2Þ are defined as X k 1ð2Þ ¼ ½
where the linear combination rule of data symbols x k i (for i ¼ 1; 2; 3; 4) follows the independent formulation rule. For instance, ðx k 1 ; x k 2 Þ are modulated in the cardinality of phase-shift-keying (PSK) constellation set V 1 , i.e., x 1 ; x 2 2 V 1 . In contrast, ðx k 3 ; x k 4 Þ are modulated in the rotated (offset) cardinality of the PSK constellation set V 2 , i.e., x 3 ; x 4 2 V 2 , to avoid the sum of elements of X k 1ð2Þ becoming a zero matrix [2] .
Differential decoding
We propose ML-based differential decoding scheme with no CSI by assuming that the channels are quasi-static over the two consecutive block time, i.e., H kÀ1 1ð2Þ ¼ H k 1ð2Þ . Using the equivalent property between (3) and (4), the proposed ML-based differential decoding that eliminates the need for CSI is defined aŝ
where the reference symbol matrices V , respectively. The set of reference symbol elements is identical to that of transmit symbol elements to exploit the maximum-likelihood detection, i.e., c i 2 V 1ð2Þ , which is known to the destination. We can see in (6) that the receiver performs differential space time detection using received signals without the information CSI and noise. To capture the complexity reduction of our proposed differential detection, we solve the mathematical formula (6). Specifically, taking (4) and (5) into (6), the correlation between H ðkÀ1Þ 1ð2Þ and H k 1ð2Þ can be perfectly decoupled from the orthogonal properties as kH
can be rewritten asX k 1ð2Þ ¼ argmin Fig. 1 depicts the bit error rate (BER) performances of QOSTBC systems as a function of signal-to-noise (SNR). We also compare complexity with the consideration of other minimum complexity schemes with rate 2 bit/s/Hz [2, 3, 4] and coherent QOSTBC transmission [5] . It is first observed that the ED-QOSTBC system has the same performance compared to the conventional D-QOSTBC system with OðjVj 2 Þ. It is significantly noted that ED-QOSTBC outperforms SCSD schemes as much as 3 dB of SNR, which demonstrates the superiority of the proposed system.
Conclusions
In this paper, we presented the ED-QOSTBC to achieve full diversity. The proposed scheme linearly performs SCSD with constellation size, while delivering the same performance compared with conventional D-QOSTBC system.
